Abstract This study analyzed the effects of high hydrostatic pressure (HHP) and composition of the pre-treatment immersion step, on quality attributes (color and lipid oxidation) and shelf life based on microbial counts of a beef product, during cold storage at 0°C. Meat slices were immersed in a preservative solution containing sodium nitrite, ascorbic acid, and two different concentrations of NaCl (30 and 60 g/L); HHP of 400 and 600 MPa were applied. Results were compared with those of an untreated beef control. Color parameters of the HHP-treated beef were visually acceptable (a* > 14) in all tested cases, although they were affected by NaCl concentration and the applied pressure. HHP increased TBARS index, observing higher values at 600 than at 400 MPa; samples immersed in the solution containing 30 g/L NaCl presented higher TBARS values. However, in all cases, they remained below the detection limit of rancid meat products (<1 mg MDA/kg). Beef samples immersed in the solution with the highest concentration of NaCl (60 g/L) and subjected to 400 or 600 MPa maintained their microbial stability over 5 and 6 weeks, respectively, at 0°C; these shelf life values were higher than those observed in the samples treated with 30 g/ L NaCl.
Introduction
High-pressure (HP) processing, also known as high hydrostatic pressure (HHP), or ultra high-pressure (UHP) processing, is an alternative technology for food preservation that subjects liquid or solid foods to pressures between 50 and 1000 MPa (Hogan et al. 2005) . The most common commercial application of this technology, which is also known as Bcold pasteurization,^uses pressures higher than 300 MPa for short periods in packaged foods, achieving a reduction in the microbial counts similar to the traditional thermal pasteurization, which eliminates vegetative pathogens (Listeria monocytogenes and Salmonella) and inactivate certain enzymes. According to literature, significant antibacterial effects are observed using HHP treatments ranging between 300 and 600 MPa (Tao et al. 2014) .
The HHP technology can also be applied to develop new products (reduced in salt, fat) and for the optimization of conventional food processes such as meat marinating and tenderization. HHP treatment can alter the structure of the meat, color, and levels of lipid oxidation (Carlez et al. 1995; Ueno et al. 1999 and Ma et al. 2007 ). Different studies reported that by subjecting beef samples to HHP, the characteristic red color was lost, resulting in a meat product with an undesirable pale coloration (whitening effect) that is unacceptable for consumers. Jung et al. (2003) carried out pressure treatments (50-600 MPa, 10°C, 5 min) on raw beef muscle and observed an increase in beef lightness (L * ) at pressures higher than 200 MPa. Changes in the chromatic parameters of fresh beef treated by HHP such as increases in lightness (L*) and decreases in redness (a*) were reported by Carlez et al. (1995) , Cheftel (1995) , Bajovic et al. (2012) , and Tao et al. (2014) . Cheah and Ledward (1996) reported that treatments above 300-400 MPa produced protein denaturation; changes in sarcoplasmic and myofibrillar proteins induce meat surface alterations and therefore color modifications. Goutefongea et al. (1995) explained that the increasing in lightness is due to globin denaturation with porphyric ring disruption or release under the action of pressure.
High pressure in fresh beef leads to discoloration that can be attributed to denaturation of myoglobin and/or to heme displacement or loss of the heme-iron (Szerman et al. 2011) . The hydrophobic interaction is of paramount importance for the stabilization of many biological components and plays a decisive role in the folding of proteins. Grigera and McCarthy (2010) reported that there is a direct correlation between the denaturation of the proteins and the loss of hydrophobic interactions as a direct consequence of the changes in water structure. At high pressure, the hydrophobic effect, the main factor in maintaining native structure, decays. Under HHP, the exposure of the hydrophobic core of a globular protein such as myoglobin to the solvent results in a decrease of the volume of the system. This is because water in the vicinity of nonpolar groups shows a much higher compressibility than that of hydrophilic hydration and bulk water. Then the unfolding/ denaturing process will be favored at high pressure. Two phenomena are present under high pressure: The weakening of hydrophobic interaction as a driving force to start the process and a decrease in the volume of the system as the hydrophobic core is exposed.
In order to minimize the whitening effect in beef, a previous dipping process in a solution containing chemical preservatives allows the formation of nitrosomyoglobin maintaining a suitable color at the product surface Giménez et al. 2015) . Nitrosomyoglobin is a more stable pigment at high pressures due to its resistance to oxidation compared with myoglobin and oxymyoglobin (Rubio et al. 2007) ; therefore, it is essential to carry out a previous step of immersion in a preservative solution, before applying the high pressures. Giménez et al. (2015) tested different formulations of preservative solutions to optimize its composition in order to maintain the color attributes in beef submitted to HHP, minimizing the concentration of sodium nitrite by using desirability functions. Concentrations ranging between 0.52 and 1.10 g NaNO 2 /L and 0-10 g ascorbic acid/L and 60 g/L NaCl were tested. In that work, the authors reported that the presence of ascorbic acid in the preservative solution containing sodium nitrite and sodium chloride was essential to obtain the desired color in the meat after hydrostatic pressure treatment. The optimized preservative solution contained however a high concentration of sodium chloride that affected the taste. A sensory analysis performed with an untrained panel evidenced that the product immersed in 60 g/L NaCl was quite salty, affecting its palatability.
The concentration of sodium chloride in the immersion solution affects the quality and stability of meats submitted to high pressures (Duranton et al. 2012) . Salt reduction in meat products is one of the strong tendencies of consumers to demand minimally processed and healthy meat products due to the progressive increase in the incidence of cardiovascular diseases in the population. Excessive sodium intake is associated with an increase in blood pressure, which is a major cause of cardiovascular diseases. It has been estimated that 62% of strokes and 49% of coronary heart diseases are caused by high blood pressure (He and MacGregor 2010) . Sodium improves the sensory properties of foods, by increasing saltiness, decreasing bitterness, and increasing sweetness and other congruent flavor effects (Keast and Breslin 2002) . Reducing sodium chloride level may affect texture and other quality characteristics including, moisture level, fat content, and pH (Dotsch et al. 2009 ). Sodium nitrite contributes to the development of the typical pink color of cured products and their distinctive flavor. In combination with salt, nitrite also inhibits food spoilage bacteria (Duranton et al. 2012) .
The reduction of salt and nitrite is problematic because of their technological properties; therefore, some adjustments are required to maintain the safety and quality of the product (Duranton et al. 2012) . In this regard, the analysis of the effect of lowering sodium chloride content in meat products subjected to HHP is of great interest.
Lipid oxidation leads to rancidity and off flavors; it is an important parameter contributing to the sensory quality of the meat influencing its acceptability (Gray et al. 1996) . The HHP process, especially when the applied pressures are higher than 500 MPa, could initiate lipid oxidation in meat, inducing the alteration of fatty acid composition. Some authors have reported increased levels of lipid oxidation in the meat undergoing HHP (Cheah and Ledward 1996; Ma et al. 2007) . Mor-Mur (2010) , associated oxidation of fatty acids to the release of pro-oxidant metals such as heme iron (by denaturation of myoglobin), or copper when cells are damaged by effect of pressure. The intensity of oxidation depends on the treatment parameters prior to food processing. Beltran et al. (2003) found significant differences between the values of thiobarbituric acid reactive substances (TBARS) index, commonly used to quantify the oxidation, among different samples of meat subjected to HHP.
The objective of this work was to analyze the influence of the pre-treatment immersion conditions and especially the sodium chloride concentration and the applied pressures (400 and 600 MPa), on color, lipid oxidation, microbial growth, and shelf life of high pressure treated beef during cold storage at 0°C.
Raw Materials
Beef muscles were obtained under controlled conditions from the local market. The commercial cut used was top inside round (top side, adductor femoris and semimembranosus muscles); the meat were removed after 48 h post-mortem and the visible fat was separated.
Characterization of Raw Material
The measurement of pH was carried out in triplicates using a spear tip glass electrode (Van London-pHoenix Company, Model CLO1502, Houston, USA) on a pH meter (Hach Sension pH 3, Loveland, USA).
The water activity of fresh meat was determined using Aqua Lab Series 4 TEV Instrument (USA) calibrated with a solution of NaCl (aw = 0.753 ± 0.002) and double distilled water (aw = 1). The measurements of aw are based on the dew point determination and were performed at 25°C in triplicates.
Moisture, ash, protein, and lipid contents were determined in fresh beef (control sample) according to AOAC methods 24.002, 24.009, 24.027, and 24.005, respectively (AOAC 1980) in duplicate. Fat content was determined by Soxhlet method, using ethyl ether as extraction solvent on samples previously treated with anhydrous sodium sulfate (Na 2 SO 4 ). Na 2 SO 4 was mixed with the minced meat prior to the extraction procedure, to remove moisture, and to avoid emulsion formation.
Chemical Pre-treatment and Packaging
The general procedure consisted of: (a) cutting the meat samples in cylindrical sections (3 mm thickness and 6 cm diameter); (b) each individual sample was immersed in 150 mL of preservative solution during 2.5 h; (c) vacuum packaging of the samples in Cryovac BB4L films (Sealed Air Co., Buenos Aires, Argentina, PO 2 : 35 (cm 3 /m 2 daybar) at 23°C; (d) high pressure treatment. Based on previous results (Giménez et al. 2015) , solutions were formulated with 0.62 g/L NaNO 2 , 8.5 g ascorbic acid/L, and two levels of sodium chloride: solution S1 contained 30 g NaCl/L and solution S2, 60 g NaCl/L.
HHP Treatment
HHP treatment was carried out in INTA Laboratory, Castelar, Argentina, using a Stansted Fluid Power Equipment, model FPG9400:922 (UK) with a cylindrical vessel (2 l capacity). The maximum working pressure of the equipment is 900 MPa. The pressurization rate was 300 MPa/min, and depressurization was conducted instantaneously.
Experiments were carried out at two pressures: 400 and 600 MPa and at a temperature of 20 ± 5°C; the samples were maintained at the working pressures for 5 min. In all cases, control samples of fresh beef (untreated beef), that were not subjected to the immersion step and to HHP, were also analyzed. These pressures were selected due to the antimicrobial effect produced by HHP treatment in the range 300 to 600 MPa (Tao et al. 2014) .
Refrigerated Storage
All the samples were stored at 0°C, in order to evaluate the shelf life of the beef product during refrigerated storage. Throughout the storage period, color, lipid oxidation, and microbial counts were measured weekly for 45 days.
Chloride and Nitrate Analytical Determinations
To measure the amount of NaCl present in the tissue after the immersion period, the chloride content was determined. Meat tissue was homogenized with bi-distilled water at 90°C; the suspension was stirred, diluted with water, and filtered. A previously calibrated ion-selective electrode (Cole-Parmer 27502-12) was used for chloride measurement. Similar extraction procedures were followed for nitrite determination using Hach kit Nitriver 3, (method 371) as reported by Graiver et al. (2006) . These determinations were made in duplicate.
Instrumental Color Measurements
The surface color of beef samples was determined using a Minolta colorimeter CR 400 Series (Konica, Osaka, Japan). The Standard illuminant C that corresponds to average daylight (not including ultraviolet wavelength region) with a correlated color temperature of 6774K, and the two-degree standard observer angle (that closely matches CIE-1931 standard observer) were used. The CIEL*a*b* scale was used, and lightness (L*) and chromaticity parameters: a* (red-green) and b* (yellow-blue) were measured. Measurements were performed weekly on three samples of meat, doing six measurements for each sample. The total color difference (ΔE * ) was determined as an estimate of color changes according to:
In ΔE * calculation, the color values used as reference correspond to untreated fresh beef samples (time zero, without storage).
Microbiological Analysis
To determine the shelf life during refrigerated storage at 0°C, microbial counts were performed at different times on the samples immersed in the preservative solution and pressure treated at 400 or 600 MPa and on meat samples without any treatment (control).
Approximately 10 g meat samples were taken from each bag, diluted with 90 mL of 0.1 g/100 mL peptone solution, and homogenized in a Stomacher 400 (Seward, USA) for 120 s at the maximum speed. Serial dilutions were performed using tubes with peptone 0.1 g/100 mL and samples were plated on suitable culture media. The colony-forming units (CFU)/g beef were determined after incubation.
The samples were tested for total aerobic mesophilic microorganisms (Plate Count Agar (PCA), 30°C, 2 days), total psychrotrophic aerobic (Plate Count Agar (PCA), 4°C, 7 days), enterobacteriaceae (Violet Red Bile Agar (VRBA), 37°C, 24 h), lactic acid bacteria (MRS, 30°C, 2 days), yeasts, and molds (Chloramphenicol Glucose Agar (YGC), 5 days, 30°C). These determinations were made weekly in duplicate.
Lipid Oxidation
Lipid oxidation was evaluated by the method of thiobarbituric acid (TBA) which reports thiobarbituric acid reactive substances (TBARS). TBA determinations were performed on trichloroacetic acid (TCA) extracts from 2 g of minced meat. Two independent extracts were obtained for each sample and subjected to the TBA reaction (30 min, 70°C) (Botsoglou et al. 1994) .
Oxidation was measured in the samples dipped in the preservative solutions (S1 and S2) and then submitted to HHP treatments and on meat samples without any treatment (control) during refrigerated storage at 0°C. TBA number was calculated as follows:
TBA number mg MDA 
Statistical Analyses
Statistical analyses were done using SYSTAT version 10.0 (SYSTAT Inc., USA, 1996) . Analysis of variance (ANOVA) was applied to determine significant effects. Least significant difference tests (LSD) were used to perform pair-wise comparisons between means. Differences in means and F test were considered statistically significant when P < 0.05.
Results and Discussion
Analysis of Percentage Composition of Beef Tissue, pH, and aw
Beef chemical composition was: protein 21.6 ± 0.7, lipids 5.75 ± 0.07, ash 1.10 ± 0.01, water 72.65 ± 0.8 expressed as g/100 g of beef ± standard deviation, while carbohydrates were obtained by difference between all the components 0.10 ± 0.01. The aw was 0.985 ± 0.001; pH ranged between 5.4 and 5.7. These data are in agreement with the reported by the USDA (2016): protein 20.61, lipids 6.01, ash 1.03, water 72.48, and carbohydrates 0.00 expressed as g/100 g of beef.
Determination of NaCl and NaNO 2 Residual Concentrations in Meat Tissue
The concentrations of sodium nitrite and sodium chloride in beef samples after treatment were 0.0026 ± 0.0006 g NaNO 2 / 100 g meat tissue and 1.95 ± 0.72 g NaCl/100 g meat tissue for the samples immersed in Solution S1. For samples immersed in S2, the values were 0.0041 ± 0.0003 g NaNO 2 /100 g meat tissue and 5.24 ± 0.53 g NaCl/100 g meat tissue. These values were into acceptable ranges, in compliance with what is established in the current legislation. According to USDA-FSIS (1999) , the use of NaNO 2 , KNO 3 , or their combinations must not exceed 200 ppm (0.2 g/kg) expressed as NaNO 2 in the final product. FAO (1991) established that the maximum amount of nitrite permitted in finished meat products is usually 200 mg per kg, or may be less depending on the type of meat. The current public health recommendation in most countries is to reduce salt intake from about 9-12 to 5-6 g/ day (He et al. 2011) . As shown in the results, the samples immersed in S2 solution containing the highest concentration of NaCl showed also a higher residual concentration of sodium nitrite; this result can be attributed to the higher effective diffusivity of sodium nitrite with increasing concentrations of NaCl in the dipping solution (Graiver et al. 2006 ).
Color
The visual aspect is a critical parameter in the purchasing and consumption of meat products. Initial average color parameters of untreated fresh samples were a* = 20.28 ± 0.25, and L* = 39.59 ± 0.29; changes in these parameters during refrigerated storage at 0°C are shown in Table 1 . Data were obtained during 2 weeks because control samples lost their microbiological quality during the second week. Parameter b * did not change significantly along the storage period (P > 0.05) leading to an average value of 12.20 ± 0.53. In the case of samples previously immersed in saline solutions and then HHP treated, ΔE* depended significantly (P < 0.05) on the composition of the immersion solution and pressure, as shown in Table 2 . ΔE* was not significantly influenced (P > 0.05) by storage time in samples submitted to 600 MPa. However, ΔE* changed slightly during refrigerated storage in samples submitted to 400 MPa; in this case, during 6 weeks storage time at 0°C, ΔE* values increased from 11.70 to 12.89 for S1 and from 9.70 to 11.59 for S2. Table 2 shows that ΔE* increased with the applied pressure and with the decrease of NaCl concentration in the dipping solution. In order to interpret better ΔE* results, it is convenient to analyze the individual color parameters (L*, a*, b*).
The value of b* was not considered significant to represent color variations in the samples therefore results of L* and a* are discussed.
Lightness values (L*) in beef samples previously immersed in S1 and S2 and subjected to both pressure levels 400 and 600 MPa are shown in Table 3 . It can be observed that the values of L* in Table 3 are higher than that of the fresh control beef samples (Table 1 ) but lower than in samples subjected to high pressure without a previous chemical treatment (L* = 60 at 600 MPa) according to a previous work (Giménez et al. 2015) .
Analysis of variance showed that for both tested pressures, the samples immersed in S2 (60 g NaCl/L) had lower L * values compared to those immersed in S1 (30 g NaCl/L). Samples subjected to 400 MPa had lower values of L * than those subjected to 600 MPa. L * was not significantly influenced (P > 0.05) by storage time in samples submitted to 600 MPa, although in the case of 400 MPa L* changed slightly during refrigerated storage.
Parameter a* depended significantly (P < 0.05) on the composition of the immersion solution, pressure and storage time as shown in Table 4 . Samples treated at 400 MPa had in general higher a * values than those subjected to 600 MPa. Samples immersed in S2 had higher redness (>a*) than samples treated with S1. This result combined with a lower L* can be attributed to the higher effective diffusivity of NaNO 2 with increasing concentrations of NaCl in the dipping solution (Graiver et al. 2006) , improving color stability due to the formation of a higher nitrosomyoglobin concentration.
Similar results were reported by Bak et al. (2012) who studied the effect of HHP on the color of minced cured ham.
Changes of both parameters (a* and L*) with the pressure level can be attributed to the effect of high pressure on the denaturation of sarcoplasmic proteins (mainly myoglobin) with porphyric ring disruption or release under the action of pressure and modification of the composition of the sarcoplasmic protein fraction , Grigera and McCarthy 2010 , Szerman et al. 2011 .
During refrigerated storage of the treated samples, a* slightly decreased; this result can be attributed to changes in nitrosomyoglobin caused by globin denaturation and/or heme displacement or release (Cheftel and Culiol 1997, Andrés . Another reason could be the oxidation of ferrous myoglobin to ferric metmyoglobin (Andrés et al. 2004; Campus et al. 2008) , although the latter effect could be m inimized by the formation of nitrosomyoglobin. Jung et al. (2003) reported that the enzymatic system implicated in the reduction of metmyoglobin and the reactions involved in the formation of this pigment could be disturbed by the application of HHP. These authors stored their samples in polyethylene that is a high gaseous permeability film. It must be remarked that in the present work, the samples were vacuum packaged in low permeability films; therefore, the decrease in a* values during storage time was less notorious than in cases where samples have been stored in high gaseous permeability films (Jung et al. 2003 ) reaching a* < 9 or in HHP-treated samples in contact with oxygen (a* < 6) (Carlez et al. 1995) . Obtained results showed that higher pressures led to higher values of L * and lower values of a*; however, in all the tested cases, the obtained a* values for different conditions were in the range between 14.72 and 21.85, being a* > 14, suitable for consumers (Zamora and Zaritzky 1987) .
Lipid Oxidation
Lipid oxidation during refrigerated storage at 0°C was analyzed in the samples dipped in the preservative solutions (S1 or S2) and then treated at 400 or 600 MPa and on meat samples without any treatment (control).
TBARS values of untreated fresh samples during refrigerated storage changed from 0.080 ± 0.005 to 0.235 ± 0.002 mg MDA/kg meat after 6 weeks (Fig. 1a) .
Storage time significantly influenced (P < 0.05) TBARS values, increasing over time (Fig. 1 a-c) ; however, in all cases the values remained below the detection limit of rancid meat products (<1 mg MDA/kg) given by Boles and Parrish (1990) .
The application of HHP significantly increased (P < 0.05) TBARS index, observing higher values at 600 MPa than at 400 MPa. However, the values obtained after refrigerated storage were below the limit of rancidity detection for such products, being therefore suitable for consumption ( Fig. 1 b,  c) . Cheah and Ledward (1996) reported that high pressures decreased oxidative stability of meat. Ma et al. (2007) and McArdle et al. (2010) informed an increase in TBARS values in beef (Longissimus dorsi) treated at pressures ≥400 MPa compared to fresh meat. The preservative solutions significantly influenced (P < 0.05) TBARS values. The samples immersed in S1 solution presented higher TBARS values, and this may be due to the lower concentration of nitrite in the product. According to Freybler et al. (1993) and MacDonald et al. (1980) , sodium nitrite has a stabilizing effect over lipid oxidation in meat. Andrés et al. (2004) reported that high pressure may initiate the formation of radicals that could promote lipid oxidation and meat pigments deterioration. He et al. (2012) stated that phospholipids are mainly altered when samples were treated at 350 MPa (20°C, 20 min). In addition, Carballo et al. (1997) showed that HPP favored the rupture of adipocytes in beef and that antioxidant enzymes are possibly affected by HPP.
Microbial Counts
During refrigerated storage at 0°C, growth of fungi, yeasts, and psychrotrophic bacteria in meat samples subjected to 400 and 600 MPa was not observed. In fresh meat, the predominant flora was constituted by lactic acid and mesophilic bacteria presenting an initial microbial load of 5 and 3 log CFU/g, respectively.
Microbial counts in control samples, since the first week of refrigerated storage at 0°C (Fig. 2a-d 6 CFU/g, Enterobacteriaceae, ≤100 CFU/g, fungi and yeasts ≤10 3 CFU/g, not presenting a limit for lactic acid bacteria. These values can be considered as a reference for the chemical pre-treated and HHP beef product.
In contrast, samples immersed in S1 solution and treated at 400 MPa showed counts of mesophilic bacteria <2 log CFU/g during the first 3 weeks of storage. After the fourth week, counts were close to 4 log CFU/g increasing approximately one log cycle in the fifth week. In the case of lactic acid bacteria (LAB) after the fourth week, counts were close to 3 log CFU/g. For samples treated at 600 MPa, growth of mesophilic bacteria was observed after the fifth week while growth of lactic acid bacteria occurred after the sixth week. The samples immersed in the S2 solution presented counts of LAB <2 log CFU/g for both pressures and growth of mesophilic bacteria after the fifth week for samples subjected to 400 MPa and after the sixth week in those treated at 600 MPa.
The samples immersed in S2 solution, which contained higher NaCl concentration, maintained the microbiological stability for longer storage times; this may be attributed to Vertical bars indicate standard deviations the bacteriostatic effect produced by both NaCl and NaNO 2 which, as explained previously, increases the diffusion rate into the meat tissue with increasing NaCl concentration. Benedict (1980) and Tompkin (2005) found that nitrite has a bacteriostatic effect and in combination with salt inhibits food spoilage bacteria. Nitrous acid, which is in chemical equilibrium with nitrite in acid medium, has been shown to be reactive with several bacterial protein groups associated with cellular energy metabolism (Morita et al. 2004; Woods et al. 1981) or with membrane permeability (Buchman and Hansen 1987; Cammack et al. 1999) .
In samples subjected to HHP, growth of enterobacteria during storage was not observed.
The inactivation of bacteria is ascribed to various types of damage accumulating inside the cell. After pressurization, structural and morphological changes inside the cells are observed (Bajovic et al. 2012) . HPP can disrupt the cell membrane integrity decreasing the membrane fluidity and denaturing membrane bound proteins (Tao et al. 2014 and Rivalain et al. 2010) . The pressure resistance of bacterial cells in the range 300-600 MPa depends on the species of bacteria and the food system involved. Generally, Gram-positive bacteria such as lactobacillus are more resistant to pressure than Gramnegative bacteria, molds, and yeasts (Cheftel 1995 , FonbergBroczek et al. 2005 and Pilavtepe-Çelik et al. 2008 ).
Conclusions
A high-pressure treated beef product was developed by applying a chemical pre-treatment process of immersion in a preservative solution followed by high hydrostatic pressure. The product maintained conditions suitable for consumption for a longer time than fresh beef, with appropriate sensory attributes and a significantly higher storage life than the untreated beef product.
Color problems on HHP beef products were diminished by applying a short chemical pre-treatment by immersing the samples in a solution containing sodium chloride and sodium nitrite, salts that are commonly applied in the curing process.
It was found that varying the NaCl concentration in the dipping solution affects the color parameters and microbiological stability after treatment with HHP using both pressures (400 and 600 MPa); however, redness was visually acceptable (a* > 14). Control samples (fresh meat without any treatment) lost their safe condition during the second week, due to high microbial counts. The samples immersed in the solution S2 (containing 60 g NaCl/L) that leads to a concentration in the tissue of 5.24 g NaCl/100 g tissue, when subjected to both 400 and 600 MPa maintained their microbiological stability (based on mesophilic counts) at least for 6 weeks. In contrast, samples treated with S1 solution containing a lower amount of NaCl (30 g NaCl/L) corresponding to 1.95 g NaCl/100 g tissue had lower storage life: 4 and 5 weeks at 400 and 600 MPa, respectively. The shelf life of the high-pressure treated beef product can be regulated by modifying the saline concentration in the tissue adjusting the formulation of the dipping solution and immersion times. This work will be continued by testing the effect of pressure, salt content, and refrigerated storage time on the inhibition of pathogenic microorganisms inoculated in meat samples such as L. monocytogenes.
